Ion and oxygen uptake were studied on aging bean stem slices. Oxygen uptake was high immediately after slicing, decreased to a minimum at 100 minutes, and then increased again. Ion uptake per unit of 02 uptake data suggested that metabolic energy was utilized almost exclusively for sodium transport in fresh tissue but was diverted to potassium transport as the slices aged. Oxygen and ion uptake in fresh slices was less sensitive to 2, 4-dinitrophenol as compared to the aged slices, indicating major metabolic and physiological changes occurred during aging. This was further substantiated by the tissue response to cyanide and antimycin A. Oxygen uptake was decreased by cyanide (22% by 1 mM) and antimycin A (14% by 1 microgram per milliliter) in fresh slices but not in aged slices. Potassium uptake that developed during aging was sensitive to cyanide and antimycin A. The results are pertinent to understanding the role of the stem in regulating ion transport in plants.
The ionic environment of plant leaf cells is a result of the operation of several ion transport systems. The stem has recently been recognized as an important system in regulating ion flow to the leaves. Jacoby (6) , utilizing brittle wax beans, has presented cogent experiments. When derooted bean plants were placed in low concentrations of NaCl, Na' was retained in the basal portion of the stem, whereas Cl was distributed throughout the entire plant. Sodium concentration was highest in the lower portion of the stem and decreased exponentially with distance from the base. Sodium retention in the stem was sensitive to metabolic inhibitors, and it was concluded that Na retention in the basal parts was due to its active accumulation by cells lining the translocation path (7) .
Observations on the ion uptake characteristics of bean stem slices have yielded more information on the nature of the ion absorption system in the stem. Rains (16) , investigating the ion uptake properties of brittle wax bean slices, observed that Na uptake was much greater than K uptake in freshly sliced stem tissue.
During the investigation Rains (17) discovered that slices of bean stem aged by aeration in 0.5 mm CaSO, lost essentially all Na absorption capacity whereas K absorption ability was developed sometimes to 60 times that of the fresh tissue. The dramatic changes in ion absorption properties with aging have been further characterized by Rains and Floyd (18) . They showed that the ionic composition of the aging solution had a large effect on the aging-induced K uptake. Of the various divalent cations tested in the aging solution, Ca elicited the maximal development of K absorption capacity. Sodium absorption in fresh and aged slices responded similarly to increasing concentrations of Ca, but this was not true for K uptake. Potassium uptake in the fresh tissue responded in the same fashion to increasing Ca concentrations as did Na uptake, but K uptake as a function of Ca concentration was quite different in the aged tissue. This was taken as evidence of the development of a different K uptake site during aging.
The development of a new or different K absorption site during aging suggested that major physiological changes were occurring. This idea was supported by the observation that cycloheximide, a protein synthesis inhibitor, added to the aging solution drastically decreased the developed K absorption capacity of the aging tissue (18). These observations suggesting major physiological changes during the aging of bean stem slices are consistent with observations of many other workers on the aging process in slices of other plant tissue, particularly storage organ tissue (for review see Laties [10] ).
Some of our observations on parameters of the aging process in bean stem slices are reported here. The findings are related to the observed increased K and decreased Na uptake capacity in aged tissue, anticipating that our results may shed some light on the process of cation uptake specificity.
MATERIALS AND METHODS
The methods were essentially as described previously (16) (17) (18) . In short, brittle wax beans were grown in a dilute nutrient solution (16) until the second trifoliate was half-way mature (approximately 3 weeks). At that time the upper hypocotyl tissue was taken for use. The stems were sliced normal to the stem axis into 400-,u slices with a hand microtome (17) . The stem segments, usually 10, were positioned in a Styrofoam matrix such that two strokes across the tissue constituted the amount of material utilized for one sample (70-80 mg).
Samples were "aged" by aerating in a 30 C solution of 0.5 mM CaSO4, with 50 ytg/ml of chloramphenicol added as a bacteriostatic agent (12 Oxygen and K uptake in the early stages of aging. Oxygen uptake was determined over a 5-min period, and then K uptake was determined over a 10-min period on the same sample. K: 0.1 mM; Ca: 0.5 mm. 0: K uptake; *: 02 uptake. Oxygen uptake rates were not constant throughout the aging period. Figure 1 presents the results of two typical experiments. Oxygen uptake is at first high, goes through a minimum at approximately 100 min, and then rises to a maximum. Although the experiments presented in Figure 1 were not carried out long enough to show it, the maximum is usually around 400 to 600 min, after which there is a slow decline to a value at 18 to 20 hr which is slightly higher than the minimum at 100 min.
A more detailed look at the initial decline in oxygen uptake in freshly sliced tissue (Fig. 2 ) reveals that the rate gradually declines immediately after slicing, reaching a minimum at approximately 100 min. Potassium uptake, also shown, decreases much faster, reaching a minimum at approximately 45 min. The profile of the K uptake curve suggests that the reason for the large K uptake immediately after slicing may be the high exchange rates (fluxes) of the freshly sliced tissue. This is pointed out also by the discrepancy between K uptake presented in Figure 3 , as compared to Figure 2 . The samples in Figure 3 were not sampled as quickly as the earlier ones in Figure 2 . Experiments on total content of K as a function of time showed that after the initial loss of K the total K content of the tissue slices remained constant, indicating that a decreasing efflux of K was the reason for the immediate decrease in apparent K uptake (Figure 2) .
Even though the rate of 02 consumption in both fresh and aged slices was higher than the 100-min slices, they responded to DNP in a different manner. Figures 3 and 4 (Fig. 5) . This taken in combination with the effect of DNP on K uptake suggests that the metabolism of the tissue changes with aging. Figure 6 presents data showing that sodium uptake per unit of 02 consumed is high in the early stages of aging but drops off as K uptake per unit of 02 consumed is increasing. These experiments suggest a possible division of energy from Na uptake in fresh slices to K uptake in aged slices. It should be noted that the ratio of ions accumulated per unit of 02 uptake is low, indicating that the oxygen consumed is linked to processes other than ion uptake. Possibly a large part of the oxygen consumed is due to phenol oxidase or other similar types of oxidase. Figure  7 presents 02 uptake characteristics of fresh (30-min aged), 450-min aged, and 1100-min aged tissue slices. Oxygen uptake is inhibited by 1 mi NaCN 22% in the fresh tissue, 18% in the 450-min aged as compared to an increase of 23% in the 1100-min aged tissue. The small K uptake in the fresh tissue was inhibited 38% by 1 mm NaCN, 79% in the 450-min tissue, and 91% in the 1100-min tissue (Fig. 8) . Oxygen uptake is becoming less sensitive to CN, but K uptake more sensitive as the tissue ages.
Cyanide-resistant respiration occurs naturally in some species of plants (2) and has been observed in aged storage organ slices (5, 8) . Storey and Bahr (20, 21) , utilizing spectroscopic techniques to monitor cytochrome changes, recently investigated CN-insensitive respiration. According to their model, antimycin A should act at the cytochrome b complex to inhibit electron flow to 02 via the cytochrome oxidase route, and in this respect it would be similar to CN. It would therefore be desirable to test the effects of antimycin A on bean stem slices to determine whether this tissue responds in a way consistent with the proposed model. Figure 9 shows the 02 and K uptake responses of fresh slices to increasing concentrations of antimycin A. Oxygen uptake is reduced at all levels of antimycin A used, although the decrease amounts to only 15% of the total. What potassium uptake that there is in the fresh tissue decreases slightly as the concentration of antimycin A is increased. Although the curves in Figure 9 were obtained with no replication at each concentration, several similar experiments gave the same results.
The aged slices responded quite differently to increasing Figure 7 . Respiration was measured first. The symbols have the same meaning as in Figure 7 . Figure 10 uptake decreased dramatically as the con( mycin A was increased above 0.2,ug/ml. Ox higher concentrations is constant and nearly when no antimycin A was present. The dec corresponding to the maximum in K uptak the broken line (Fig. 10 ) has been noted in with aged tissue, although the concentratic these deflections occur. Figure 10 shows in uptake than was observed in most expe
DISCUSSION
The respiratory rise observed in many during "aging" apparently occurs in bean st as clear cut as in other plant tissue, howeve: uptake rate is lowest in fresh slices of potato beet (5), pumpkin (1), and celery (1), with r ing several-fold as these tissue slices age. TI of 02 uptake, followed by a lower rate, in tI ( Fig. 1) was not expected. It was observed conducted, however, and has been observe An initial high rate of 02 uptake followed by a lower rate was lo0 observed in freshly sliced green banana fruit (15) , and an initial high rate of respiration measured as CO2 release fol-'-lowed by a lower rate was observed in fresh slices of banana (15) , potato (13) , and cantaloupe fruit (14) . 80% increase from the minimum, whereas in potato slices it can be 400% (9) . Even at the minimum, however, bean stem slices respire at a higher rate than do aged potato slices (comof antimyci n A cCn-pare Fig. 1 with Fig. 4 (21, 20) . Our findings on aged bean (3, 9, 10, 19) , red stem slices could certainly be accounted for by the model prerespiration increas-sented by Storey apparently real. The decrease in ion uptake when antimycin A or CN is present indicates a loss in ATP production by the respiratory chain and provides indirect supporting evidence that energy conservation via phosphorylation is reduced in CNtreated aged slices, as shown by Hackett et al. (5) .
The results of this study have some bearing on the mechanism of ion specificity in uptake and the energy sources for ion uptake. The results indicate that the energy (ATP) source for ion transport in the fresh tissue is quite different from that in the aged tissue. If the energy sources for ion transport in the fresh and aged tissues are different, it remains to be shown how this relates to specificity in ion transport. This study suggests energy (ATP) source for ion transport may drastically affect specificity. This problem remains to be resolved. It is apparent that this tissue does provide a good system in which to study the mechanisms of ion uptake specificity in greater detail.
